Introduction. The skin, as one of the most accessible tissues, is frequently used for investigations of microcirculation and angiogenesis. The aim of this study was to assess the relationship between the dermal microvessel density (MVD) and maturity and the presence of diabetic kidney disease (DKD) in adults with type 1 diabetes (T1D). Skin as the most accessible organ served as a model for the study of angiogenesis. Materials and methods. 148 consecutive T1D patients (87 men), median age of 41 [interquartile range (IQR): 31-49] years and diabetes duration of 21 (17-30) years, participated in the study. The patients were under the care Diabetic kidney disease was diagnosed in patients with increased albuminuria and at least 10-year duration of diabetes or evidence of diabetic retinopathy. The skin biopsy was performed on distal part of lower leg, using a sterile, disposable 3 mm biopsy punch with plunger (Disposable Biopsy Punches, Integra™ Miltex ® ). In the immunohistochemical analyses, we used: anti-CD133, anti-CD34, anti-CD31, and anti-von Willebrand factor (vWF) autoantibodies. Microvessel density measurement in all specimens was performed using "hot spots technique". Slides were scanned using the MiraxMidi scanner (Carl Zeiss) and were viewed using CaseViewer (3DHISTECH Ltd. Budapest, Hungary). Data were analyzed using Statistica v. 13 software. Results. In the study group 21 patients with diagnosis DKD+, as compared to 127 subjects withaout DKD-, had longer duration of diabetes [30 (IQR: 21-36) vs. 21 (16-28) years, p = 0.002], higher prevalence of hypertension [14 (67%) vs. 37 (29%), p = 0.002], lower estimated glomerular filtration rate (eGFR) [66 (55-88) vs. 94 (83-106) mL/min/1.73 m 2 , p < 0.001]. Median MVD compared between groups with and without DKD, was similar for CD34+ vessels/1 mm 2 [123 (100-170) vs. 121 (100-170), p = 0.775], CD133+ vessels/1 mm 2 [79 (50--100) vs. 79 (63-93), p = 0.823], and for CD31+ vessels/1 mm 2 [29 (21-46) vs. 38 (17-58), p = 0.454]. Median MVD vWF+ vessels/1 mm 2 was lower in the group with than without DKD: 42 (25-54) vs. 54 (43-71), p = 0.009. The values given above were calculated for both layers of the dermis (papillary and reticular dermis). In multivariate logistic regression analysis presence of diabetic kidney disease was associated with lower median vWF+ MVD [odds ratio: 0.97 (95% confidence interval: 0.95-0.99), p = 0.017], with adjustment for age, gender, eGFR value, diabetes duration and presence of hypertension. MVD did not differ significantly between chronic kidney disease stages. Conclusion. In patients with type 1 diabetes and diabetic kidney disease the disturbances in the angiogenesis and vascular maturation are present. The number of mature blood vessels (vWF+) in the skin is reduced. Disturbances in the angiogenesis occur at early stages of diabetic kidney disease. (Clin Diabetol 2019; 8, 5: 231-237)
Introduction
Diabetic kidney disease (DKD) remains the most frequent cause of end-stage renal failure, despite progress in the treatment of diabetes. Traditionally, diagnosis of DKD is based on the presence of albuminuria and either at least 10-year duration of diabetes or evidence of retinopathy [1] . Hyperglycemia and glycemic fluctuations, hypertension, dyslipidemia, and smoking are modifiable and genetics, sex, age, age at onset, and duration of diabetes are non-modifiable risk factors of DKD [2] . According to previous studies, in some people with DKD unpredictable progressive increase of albuminuria and declining glomerular filtration rate (GFR) has been observed [3] . Due to small and insufficient number of early markers of diabetic nephropathy, the aim of this study was to search for new prognostic markers of renal injury [4] .
Endothelial cells (ECs) are constantly subjected to mechanical damage and chronic exposures to destructive factors, that lead to characteristic cell changes (morphology) and death (apoptosis) [5] . Terminally differentiated, mature ECs are characterized by a low proliferative potential, so endothelial progenitor cells (EPCs) derived from the bone marrow are involved in the creation and repair of blood vessels [6] . During new vessel formation, characteristic antigens are expressed on the surface of the endothelium, while some other antigens disappear. EPCs have properties of embryonal angioblast and are characterized by expression of CD133 (cluster of differentiation 133) and CD34 (cluster of differentiation 34) (late EPCs) [7] . ECs are characterized by an expression of von Willebrand factor (vWF), CD31, CD34, but do not express immature markers as CD133 [8] . In our study we used immunohistochemical markers [CD133, CD34, CD31 (cluster of differentiation 31) and vWF] to determine the morphological changes observed in dermal microangiopathy in diabetic patients.
The skin, as the most accessible organ, served as a model for the study of microcirculation [9, 10] . The objective of this study was to assess the dermal microvessel density (MVD) and maturity in relation to the presence of diabetic kidney disease in adults with type 1 diabetes (T1D).
Materials and methods

Patients
The study group consisted of 148 (87 men) consecutive patients with type 1 diabetes, median age (IQR) of 41 (31-49) years and diabetes duration of 21 (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) years. The patients were under the care of the Department of Internal Medicine and Diabetology, Poznan University of Medical Sciences. Inclusion criteria were: age ≥ 18 years, type 1 diabetes of at least 10-year duration, written informed consent of the patient to participate in the study. Exclusion criteria were: activated partial thromboplastin time (APTT) > 37 s, international normalized ratio (INR) > 1.1, platelet count < 100 G/mm 3 , anticoagulant or antiplatelet treatment, skin disorders.
The research protocol was approved by a local Bioethics Committee (No. 1064/15). The study was carried out in accordance with the World Medical Association Declaration of Helsinki.
Data collection procedures
All patients participating in the study completed the questionnaire containing demographic data, duration of diabetes and method of treatment, comorbidities, medication use and smoking-related data. Then, anthropometric measurements (body mass, height, waist and hip circumference, body mass index (BMI) = weight (kg)/squared height (m 2 ) and blood pressure measurement (twice using a sphygmomanometer in a sitting position after 10 minutes of rest) were performed.
Laboratory tests
Blood samples (10 milliliters) were taken after 10 hours of fasting, after a period of rest, with minimum occlusion of the vein using an S-Monovette blood collection system. The serum concentrations of creatinine, total cholesterol, high-density lipoproteins (HDL) cholesterol, low-density lipoproteins (LDL) cholesterol, and triglycerides (TG) were measured using standard methods. Estimated glomerular filtration rate (eGFR) was calculated using the Modification of Diet in Renal Disease (MDRD) study equation. Glycated hemoglobin A 1c (HbA 1c ) was measured in venous blood with competitive turbidimetric inhibition immunoassay method on Cobas analyzer (Roche Diagnostics, Basel, Switzerland) and expressed in % and IFCC (the International Federation of Clinical Chemistry and Laboratory Medicine) units (mmol/mol), the values were calibrated with respect to Diabetes Control and Complication Trial (DCCT)/National Glycohemoglobin Standardization Program (NGSP).
The urinary albumin excretion was assessed based on a 12 h urine collection, with the simultaneous determination of the albumin/creatinine ratio in the morning urine. Urinary albumin excretion from 30 to 300 mg per day in two of the three urine collections and albumin/creatinine ratio > 30 mg/g in the morning urine sample was considered to be increased albuminuria. Diabetic kidney disease was diagnosed in people with increased albuminuria and a 10-year duration of diabetes or shorter duration of the disease with coexistence of retinopathy [1] . DKD was divided into stages based on the result of the eGFR: stage 1 (eGFR ≥ 90 mL/min/1.73 m 2 ), stage 2 (eGFR 60-89 mL/ /min/1.73 m 2 ), stage 3 (eGFR 30-59 mL/min/1.73 m 2 ). In the investigated group there were no patients with more advanced chronic kidney disease (CKD) stages.
Biopsy procedure
The skin biopsy was taken on the distal part of the lower limb (10 cm above the lateral malleolus) after the skin was anesthetized with 2% lidocaine injections in sterile conditions. We have used a sterile, disposable 3 mm biopsy punch with a plunger (Disposable Biopsy Punches, Integra™ Miltex ® ). The biopsy was minimally invasive and did not require suturing. The excised tissues were fixed in Bouin solution for 24 hours at room temperature, and then embedded in paraffin blocks.
Immunohistochemistry
Paraffin-embedded tissue blocks were cut into 3-to 4-µm-thick sections on a semi-automatic rotary microtome (Leica RM 2145, Leica Microsystems, Nussloch, Germany). All of the immunohistochemical (IHC) analyses employed the StreptABComplex/HRP method modified by the use of biotinylated tyramine (Dako Catalyzed Signal Amplification System, Peroxidase, K1500, DakoCytomation A/S, Glostrup, Denmark). The endogenous peroxidase activity was blocked with 10% hydrogen peroxide. The staining IHC protocol included the following steps: 1) preincubation with the appropriate normal goat serum in phosphate buffered saline for 30 minutes at room temperature, 2) incubation with the specific primary antibody overnight at 4°C in a hybridization chamber, 3) incubation with the secondary antibody for 60 minutes at room temperature, and finally 4) antigen-antibody complexes staining using 0.5% 3-3' diaminobenzidine (DAB; Sigma Chemical Co., St. Louis, MO).
All of the sections from blood vessels samples from an individual patient were processed in the same IHC experiment. The specific primary antibodies were: -anti-CD34 (Dako, Glostrup, Denmark; code M7165, diluted 1:30); -anti-CD133 (Novus Biologicals, Littleton, CO, USA; code NB300-266, diluted 1:3000); -anti-CD31 (Dako, Copenhagen, Denmark; code M0823, diluted 1:20); -anti-vWF (Dako; code M0616, diluted 1:30).
All tissue sections were analyzed under an AxioImager Z.1 light microscope and selected pictures were taken with an attached AxioCam MRc5 digital camera (Carl Zeiss). The negative controls consisted of speci-mens incubated with non-immune IgG1 (X-0931, Dako, Gdynia, Poland) and sections for which the primary or secondary antibody was omitted.
Morphometric analyses
Microvessel density (MVD), defined as the mean number of blood vessels presented in 1 mm 2 of analyzed tissue, was calculated using the "hot spots technique". The histological preparation was viewed under a small magnification (20 ×) by selecting three areas with the highest number of blood vessels. Then, the vessel sections were counted under a magnification of 40× in a selected area. The arithmetic mean of the three "hot spots" was calculated for microvessel number and subsequently calculated to 1 mm 2 . This procedure was applied separately for CD133, CD34, CD31, and vWF. Slides were scanned using the MiraxMidi scanner (Carl Zeiss) and were viewed using CaseViewer (3DHISTECH Ltd. Budapest, Hungary). All of the analyses were evaluated independently by two scientists on coded samples that included positive and negative controls.
Statistical analysis
Data were analyzed using Statistica v. 13 (Stat-Soft Inc., Tulsa, OK, USA), MedCalc v. 18.5 (MedCalc Software bvba, Ostend, Belgium). Patients with diagnosis of DKD (DKD+) and without DKD (DKD-) were compared using Mann-Whitney U test or Fisher exact test, as appropriate. Descriptive statistics and results of comparatory analyses are expressed as medians and IQR or numbers and percent. Kruskal-Wallis ANOVA was used to compare vWF+ MVD between stages of CKD (1, 2 and 3a). Multiple logistic regression was used to check the association between presence of CKD and vWF+ MVD, with adjustment for potential confounders (age, gender, diabetes duration and presence of hypertension). P value less than 0.05 was considered statistically significant.
Results
The study group there were 21 T1D patients (12 men) with DKD, median (IQR) age 44 (32-58) and 127 (75 men) individuals with T1D without DKD, median age 40 (30-49) years. DKD+ patients as compared to DKD-subjects had longer duration of diabetes [30 (21-36) vs. 21 (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) years, p = 0.002], more often had hypertension [14 (67%) vs. 37 (29%), p = 0.002 and lower eGFR [66.1 (54.7-87.0) vs. 93.5 (82.5-106.2) mL/min/1.73 m 2 , p < 0.001].
The median MVD determined by CD34 blood vessels per 1 mm 2 dermal biopsies was 123 (100-170) in DKD+ group and 121 (100-154), p = 0.775 in DKD-group, defined by CD133 79 (50-100) vs. 79 (63-92), p = 0.823, by vWF 42 (25-54) vs. 54 (43-71), p = 0.009 and by CD31 29 (21-46) vs. 38 (17-58), p = 0.454 ( Figure 1) . The values given above were calculated for both layers of the dermis (papillary and reticular dermis). Comparison of patients DKD+ and DKD-is shown in Table 1 .
The group contained 79 (52.7%) patients with CKD stage 1, 58 (39.2%) patients with CKD stage 2, 8 (5.4%) CKD patients with stage 3a and 3 (2%) patients with CKD stage 3b. There were no patients with CKD stages 4 and 5. Comparison of MVD defined by vWF+ in groups of patients depending on the CKD stage is shown in Table 2 .
In multivariate logistic regression analysis presence of diabetic kidney disease was associated with lower median vWF+ MVD [odds ratio (OR): 0.97 (95% confidence interval {CI}: 0.95-0.99), p = 0.017]. In multivariate model the results were adjusted for age, gender, diabetes duration and presence of hypertension.
Discussion
Angiogenesis is involved in the pathogenesis of diabetic kidney disease. The abnormal new vessels present in glomerular capillary area (Bowman's capsule in the glomerular vascular pole) are dilated and the glomerular basement membrane is extremely thin. According to the study of Osterby et al. an "extra efferent arteriole" are detected in the early stages of diabetic nephropathy [11] . Hypertension may be another important driving factor in the progression of angiogenesis in diabetes [12] . Angiotensin-converting enzyme (ACE) inhibitors suppress angiogenesis in glomerulus [13] . One of the possible explanations is that these vessels can play the role as a "by-pass" to reduce intraglomerular pressure [11] . Morphological effect of neovascularization is glomerular hypertrophy while functional effect is temporarily excessive filtration (increased GFR).
New blood vessels are structurally and functionally immature, endothelial cells are swollen, the basement membrane is thin. All this leads to increased perme- ability and finally results in the extravasation of plasma protein [11] . Vascular endothelial growth factor (VEGF) plays the main role in this process. Vascular endothelial growth factor A (VEGF-A) is derived from podocytes and tubular epithelial cells and vascular endothelial growth factor receptor 2 (VEGFR-2) is expressed in glomerular and peritubular capillaries. Another phenomenon called "uncoupling of VEGF-A with NO (nitric oxide)" (a low NO bioavailability along with high VEGF), observed in the diabetic mice could potentiate the vascular permeability in the glomerulus [14] . The final effect of unfavorable processes is progression to renal fibrosis. Due to advancing fibrotic changes and loss of endothelial cells, podocytes, and tubular epithelial cells, the production of VEGF is decreased and the process progresses to the advanced stages of chronic kidney disease [15] .
VEGF reflects the pathology of neovascularization. The next step in understanding of the mechanisms of the pathology of neovascularization induced by metabolic hypoxia is the possibility of assessing the maturity of the vessels. We evaluated the following markers of angiogenesis in the material from skin biopsy: CD34, CD133, CD31 and vWF. Previously, we have observed that MVD, assessed by CD34 (a marker of "late" EPCs) and CD133 (a marker of early EPCs), were significantly higher in patients with cardiac autonomic neuropathy Table 1 Note: data are presented as median (interquartile range) or N (%); p = 0.33 for comparison vWF+ MVD between groups with CKD stages 1,2, and 3a; p = 0.056 for comparison vWF+ MVD between groups with CKD stages 1,2, and 3 (combined); Kruskal-Wallis test; N -number of patients; eGFR -estimated glomerular filtration rate; MDRD -Modification of Diet in Renal Disease (CAN). Also, CD34 MVD was higher in patients with diabetic peripheral neuropathy (DPN), as compared to subjects without complications [16] . These results support the concept that angiogenic processes are involved in the pathogenesis of neuropathy and confirm the neurovascular nature of chronic diabetes complications. Interestingly, we did not find any relationship between markers of early ECs and the presence of DKD. In the animal model of kidney disease, local quantity of CD34+ capillaries were decreased with increasing severity of glomerular and tubulointerstitial lesions [17] . We did not find any data that confirm this phenomenon in patients with DKD. CD133+ progenitor cells were used for the treatment in an animal model of acute kidney injury (AKI). CD133+ cells promoted the restoration of the renal tissue, limiting the presence of markers of injury and pro-inflammatory molecules, promoted angiogenesis and protected against fibrosis [18] . Moreover, in the previous study we have found a negative correlation between CD31 MVD and skin auto fluorescence (AF) [19] . ECs are capable of undergoing endothelial to mesenchymal transition under the influence of transforming growth factor-b 1 . They lose the expression of such antigens as CD31, von Willebrand factor, and vascular-endothelial cadherin and initiate the expression of mesenchymal cell antigens [a-smooth muscle actin (a-SMA), extra domain A fibronectin, N-cadherin, vimentin, fibroblast specific protein-1] [20] . According to previous studies, endothelial-to-mesenchymal transition is associated with albuminuria in diabetic nephropathy. In these studies, a decreased number of CD31+ endothelial cells and increased a-SMA expression in glomeruli of diabetic mice was observed [21, 22] .
. Comparison of groups of patients with type 1 diabetes in relation to diabetic kidney disease (DKD). Patients with diagnosis of diabetic kidney disease (DKD+) and without diagnosis of diabetic kidney disease (DKD-)
Von Willebrand factor (vWF) is a glycoprotein that is most researched in the context of its role in haemostasis and von Willebrand disease (vWD). Quantitative and qualitative vWF changes can lead to an increased risk of bleeding, on the other hand it is regarded as risk factor for cardiovascular disease or venous thromboembolism [23, 24] . The study of Lenting et al. [25] showed that vWF plays a role in the angiogenesis, cell proliferation and inflammation. The storage of von Willebrand factor is a function of Weibel Palade bodies that are ultrastructural organelles found only in mature vascular endothelial cells [26] . We found a decreased number of MVD determined by vWF blood vessels per 1 mm 2 in DKD+ group. We did not observe that correlation in relation to other chronic diabetic complications. Interestingly, we found a decreased number of mature vessels despite the very early stages of CKD present in the vast majority of patients. Lack of the association be-tween vascular markers and eGFR suggests that altered expression of vascular markers denote earlier pathology than decreased glomerular filtration. The progression of chronic kidney disease is a very complex process and different factors may be dominant, depending on stage [27] . We can only speculate if this lower expression of mature vessels is caused by the altered angiogenesis and disturbances of vessel maturation as mechanisms involved in the development of diabetic nephropathy [28] . The process seems to be different than in other diabetic complications. In the course of neuropathy, excessive angiogenesis expressed by the increased number of MVD CD34+ and CD133+ plays a dominant role. The reduction of eGFR and positive albuminuria are already indicative of significant glomerular pathology, considered to be an important risk factor for ischemic heart disease. Perhaps at this stage, a simple marker that is vWF can be used to further determine the cardiovascular risk in patients, as it is directly related to the diagnosis of DKD. The observed phenomenon seems to be interesting but requires further research to explain.
Conclusions
In patients with type 1 diabetes and diabetic kidney disease the disturbances in the angiogenesis and vascular maturation are present. The number of mature blood vessels (vWF+) in the skin is reduced. Disturbances in the angiogenesis occur at early stages of diabetic kidney disease.
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